i' 



<19)B*S1 mrt (JP) 02) & if# fft gj? (A) oi)fcmHK&&8#^ 

#IH¥9- 327291 

(43)&HB 9 ff(1997) 12/122 B 



(51)lntCl.‘ 




mmn 


ifrtsa## 


F I 


m ftmmm 


C 1 2N 


15/09 




9282 -4B 


C12N 15/00 A 




CO 7H 


1/08 






CO 7H 


1/08 






21/02 






21/02 




Cl 2 Q 


1/68 




7823 -4B 


Cl 2Q 


1/68 A 












saaisft 


mxmomi ol 


(£ 6 M) 


(21) UK## 


8-149128 




(71) UgA 


000003160 


















(22) 0 




¥J£8#(1996)6miB 




*R#r*KiMtK£&ft 2Ti2S8^ 










m)smm 


SB ®f0 

S#iR»Hrp^BT10#24# 


3t#S5*8* 










azmmm 


tea mm 












(72) mmm 


±*t 3IS 

g#lPraerfr*^BT10#24^ 

±w?sF?ri*3 














g*IHlaR< 



(54) K99©4i;] RNAffliffiiS^S 

(57) rani 

[gmsi 

M^^OiSMS-CRNASratii 

l, mm-tzx&zm tt-rs. 

T85XS (a) ~ (c) Sr^tfCfc*# 
58 £ -f 5 R N AOTjatMfSS^ifefc' ± 
RNAcottM»®!titM^y K 

(a) MS&$f<WkV0#m^ 

tiffin Sr ^tt^54s »^L<l4pH3~6tc-r^*D, m 
^ifcSV'iiSHttSiirSrfcfc**), 

RNASr@5f±lc:©lf$-tir, (b) ±15 (a) XSICT 

(c) ±15 (b) XS(-T^Ufc0ffl^e>, 

± ( 0 RNASr^ttl^-yrS. 




-1- 



i' 



mm f»*©t5ffl] 

[!f**l] TSEXfS (a) ~ (c) 

(a) X* hnt'-y tm’g.ZSts 

mmm , 

ifcitK £)&#;|4fc^*B5RNASr@ffi±l£®®£ 
■ S \ 

(b) _kS2 (a) XgKTRNASr®#$-£7ca*B*aft: 
Sri5fci$igKit)Sfci£L, 

(c) xie (b) xs^rsti^Lfcaffl^e., 
it) RNA£r®m$-er5 0 

[ft** 2] ggtt&#aSpH3~6T-&3ft**llB 
H&<D R N AWttffitfftLfe'S:. 

[§t**3] #:4^ntVr?^K£r^trfgl£ig©pH 
*5 3 ~ 6 -CfeSSI ** 1 12«©RN A©ttttifitSW8L 
[If** 4] 

r ^KiTCfe-Stf** 1 tClE^ro r N AOttmfit®)*’ 
2 fco 

[if** 5] m 

igt&fnyiy — a \ j ' nnwi , 

^-fcHir-efcSil** 1 IE4£© R N A©»fflffS!;£rfe, 

iff** 6 ] » # &-a os# 

llEm»RNAOtt(il«®{^. 

[if** 7 ] 

l!Eic©RNA©»ffl!!f$Wi£<, 

[if** si 

®5Sr^tf)ia^--cfc5ff** i ib«<drn a ©stmt®* 

[If** 9] ttW^7Kfe5V'i4TE^<y7r--C-fc 
5 If** 1 f E«© R N A ©}& fflftSSWiS:,, 

[ it ** i o i 

Ib^Sr^tf&tt-CfcoT. $?>RL 

*£iH4 £ fSta Sr #8f * 3 xeSr&tf L i Sr#®c 

t-rsif** i ie«©rn a©j* miff ${*■)£„ 

[if**iij bn p 

H3~6©ig®i£. £fei£*s-a- 

ift^igioitbShtiliSSrltiipRN A©ttttifi 
»!?*** s ' K 

mwornmttwim 

[0 0 0 1 ] 

[fg^©Jg-f5ife«#if] *38W4*ffl)IS^©£feWs|51-;^ 
P>, ^K®-g-tt@taSfr^V'XRNAS:®ffi^oMS 
i < ttt±llfKi-5*)£* ibU'tcfg^&tcfflV'S RN A Sr 
»W«K*5/c*©f*ai*s' btcgBf 5„ b 

l4Slb^ftitB^B(-’br£:« L 5 5„ 

[0 0 0 2] 

[«ogi] ^KSr^-^ri-5*BSa^<7)^®tt-!|sfd^cD 
^K©ttW!ffS!i4, se^x^>B6i*s£®r©#if-ma 
W£XT'y7X-hZ> 0 0tjx.ti. JfeSitfe^-ScoV'T M#t 



lj: 5 *i\ ^©ite^&mrr5*w§&^ 

CD^ W!|sf^ t. D N A R N A i V ' o fc^S? Sr tt ffi-i 5> 
r t^3?-cfcSo *it> S8i^!>'f;v^iLcfcI!fe 
f£©i$ffl©f;:£>©DNA/RNA^®rR::fc©'Ct>, Big 

SDNA^RNAtV'ofc^gSfi. 

HfK, 

Jti©3I'n'{fcS rf£)*L'Ct''<5<, Lit 

T iBffife^fgHC i 5 xT—tftCi 

■Sg#*#®, i:±5 *&*3= Srlfe*- 

irtci t)^®?Srigfl$*. £<bbi. X ^ S -/ugcDftm 

- rsb > 3 m <£« f ©& 

{^Sr«ffiLfc*9A;?n-7 b^97-f-^ldit) x fife# 

r*b(b©3M£f4, 

fcS®K>ttl§«-!|sk £fetL!4?ilittiLfc^©ffli£t£*t'LT 

[0 0 0 3] ^aa^co^tt-W^ibRNASrttffilfia-t- 
rL'Cli., V '£>!$> <5 AGPCife [Analytical Biochem 
istry 162, 156-159 (1987) ] d*— J&lftt;: i < 

ti'5„ z<Dxmiz, (i) 

i/yft-y7yilt73 i/— A% ^ n n^A-ASr-atf 
itigSrfflft, gs*D LT WlBH^gSlt^fifelg L, ®®?1C 
Ig^-L-ct'Sr? W^SS-^tt;**. Sbi:y/ADN 
ASr^rtits-^ss^ ( 2 ) i^iiaoRNAii 

^iBSTMSW^SrrftftL, (3) C©**!!^*/ — 
ywxti-f yyoyV- /wSr^ta-iS;: ifcii 9RNAS 
(3i^y-ypgt®)£Xtt'1' VT'nyvV— /M£ 
©SO , (4) $e>tC^L^ft(cioTRNA©^-Sr^- 

irSrfiJfflLfcifrifeT-ifeS,, roAGPCifeli. (t& 
©i@jg£'#!3tife£:)PJffl-r 5 R N A»(±J*f®i£ t Jtt* L 
-C, M^W^'-ofBffitcRNA^itbB5i:V'5ftfr^fe 
5. L^L, r<0*felc|4^^Sl^yKta©^g|tV'5 
3ir?y— yvjtJtftfoSV'ti-f V^nyV 
-/wetSSife i: v ' 5 *#Rfl Sr H* 5 y t£ Tz 

<D&6®^IC(±, i 0fflHS^ofiB#^-C*RNA^J*tt5iff 

mx-Z 5 ^®* Sixl >„ 

[ 0004 J -*■, ffi ® temmttimm t vx -> d t> zm 

[#BS3F2- 

289596-§-4i$6] o rt0*-fe(±, ir*0^!t)®!iEl^e) 

®^Sr-S:Pfr*ttai1-5Li^^I«8*5x:, jgffiigi L 
T7ki*:i4T EA y 7 7 — * if!6^S<7>i@®igSr'Kffl-t' 

f^^g5Lir^<, ftltaLi k c^®?SrB:S.(c®<7)f?Wtca; 

Ld>L, i 

D^sa^^RNAcDttmsr^fc^a-, yy 
A D N A t. R N A ir |53tHbl -> !) * 6 fc ©» 



■ 2 - 




iDNAiilA 

-f5« 5:®*#, RNA©#-Sr#5;fc«>R:!4, SfoidSf 
iff #kS^®g'L'#llfi> *yA?u^r b^yy^-^om 
««We£*5X* 5 :t«‘ Cfc5* 

10 0 0 5] 

[»W*s<ll»L < t5t-r5SR)H] *36W<Ogtf)l4, 
«^m5e{S©±EI3M!:Mt5; t -C& t» , 
a> e> RNA^i^i^Sr^s t i~5 
X 4 * < . ®$PflA>o®MSXRNA«rififfiU fit&S-f 
5^f)£SrJS«-r5 X 4T*,fe5o 
[0 0 0 6 ] 

[*ra&«8H-5fc*©^S] -hlHiUS 

aa*pHSr^i- 

5 it*#-, mmmm. :i34tmifc«-&tt@i«tBfcfc4 
*>, iflfe»»^e>RNASr1B!ffi^tttli»®b»5r t* 

av'WU ^ssw^giLfc. 

[0 0 0 7] +**>%., *3SW4, TEXS (a) ~ 
(c) Sr-&tf^t«r#@:ti-5RNA<7>t*ffi«®*jfeT* 
&5o 

(a) »SS#<££!fefcm»c, A^-hnfs/^^gSr-g-tf 

3frMB8sjBEd»fo*SttUJ*, tiAlWKiAtta 
S-£-fe5V'f4gstt£-fr5X 
4^4 9, £^#]4b:^*;ft5RNA£@*I-fctC®*£ 
if, (b) -tie (a) ieiCTRNA^:K*$-a:/c@ti 
ffl#£ife}£««K:4*)ifcitU (c) _t!E (b) XSt-X 
Sfc^L RNASr^tb^-yrS. 
[ 0008 ] ^hsw-ck, 

tt^MSeib^Sr-^tpS^-C-fcoT, ZblcmtlZ rftjffiu 
[0 0 0 9] 4*, b a My 

mMw.s p h 3 ~ 6 (nmmwi. ^r#iisjK*»e>*5ftitH 
m, mmsg-a-mm §&&, m»m*s*tmm&&$trR 
NAtomiamm^m^-y b-e&s. 

[0 0 10] 

i%w<Dmmmmi *3^ic45RNA©i*ffl»®m& 
tt. (a)g*-afm (b) »is, (c> m 
ttJXS<£> 3KI®IC;*;# < #ft £>*i5„ 

[0011] (a) t8M- ®®IgXI4, 

wmcaws^ABS, mmu-a-&m m^zm 

tt&fmcSsO), &£fc5V'ttg:«£-ti-5XfcK:4!>, 
'kvottmz'St.fizRu A&mmm 
±iE»#p»t, Gtsmm. mm%& 

■g-<±mm&&£im%&^<D±yottniZ' gy^tcgyjpL-c 
*>, fe5V'l±lH|8$(r^JPUTfcAV\ ^^(3i3V'-C 
14, A4hnt W#HgilW»e>* 

4U<l4pH3~6, $e>l-#4U<l4pH4f4iatCT 
iSfcOp, iS-a-fo5V'l4SM$-ar5r kteftmt+Zo 
[ 0012 ] &3&w\c*s\,'xm'tbnz±yowwt l-c 



(4, ^xli*aifgK4g#iMS, ^Ifn.4 5 

A }*, Sik ^ coifc ^^, «£, fR , tt ***©#*?# 
mi? fens. 

[0 0 13] b b by^i 

KSr$tf^j*lcl4, tas#£L. 

v\ x*u4, ^fe^jsetc-^^tvcv'-ct. £*, *hbs 
zmmi-fcmzmtmt LtttLrtiv'. x©^« 
#JiU-CI4, #ICPS^ 

£4l*V';JS, p H 3 ~ 6 W®H<OV'-f M>'<D p HtC43V' 

xmwm&#-rz>i><ntf£yia--i.v\,\ wixti, mmx 

b y ? A-mm, wm-r b y 

t LTtt 1 ~ 5 0 0 mM, pH»43~6eo 
« SH ^» iSTfe 5 . 

[0014] fc>ix5S?fl?$?bII4, * 

%■ b <3 XtD#^ b b t‘y 9#jft 

4 l,Tf4, — ®(c:*^-bBt'’y^ife)®i;bT»]C>tl-0' 
•5 4 5*, i»7K[4^©7K^ttSrli*n^-&5f^fflSr#U 
-C4J<9, Sf>KRNA©iffl^fflie^i:f4t5iO^ 
fctttfttCIKSSJtfcV'. AttWKtt, fT-W** 
77 - 4 5fl44 bP5A, 4 
Mb^y^A, i®^®?4-by e>jx5. x 

4l5>cd 54>, RNASr^<Si-5y ^5?^ U7— 

<ffii't>4b5„ ctibto&zt b b 
i4, fflv'e>ti54J^-bBt°y^!feistc4yM*y, ^u^. 
(4, 3 

~ 5 . 5M©i5fflt*547fct^t50^»*U'. 

[0 0 15] 4fc, b B try 

i4, «BMco®Sfc5V'(4»iS']’(^4H5^V^^K 
Sr^tS^-arSiMt?, #Bffitt^JSr-^W$-a:T ; t.4v\ 
LXt4, 

lcffiffl$4u5tWX-fo4x(4, <l#tc|®!t^4t*V'^, A# 
Wt-14, jKP =.^;v=.-7 

/K -tfsyis-^s^^'sV >vv:9'sx J y7^~ b, jK 

y y^7 4n- b^w#^'i' ^• 

Kf->A b y ^ 7)^7 ^=9^40 5 
K, KX'>/W b y !>A^ay K, -4^71" 

b y ^fA7> ; f=!)A4’p 5 K#£>HW 
SU, K4 !r '>/V'6E®fX by ^4, N-94 b^ /Hb/P = '> 

vxby^x, =-7 v* 4- b y 

tt$4 ft?, y J ~>^7 % y%<D\ 

tt^Jd^lfibn5„ Ztitb<Doh, N-9^B^>»nbyu 
av/ytl'Pl)A»Sb<flV'b45. bJitofi 

y , ^ lx . 14 , N - 7 !> c l ^; t ' t ; i 3 i ' ytb !)!) A|;ffi 
ffl-f5^a-(CI4, 0. l~2%cD^|Sfc*54 
•r5©iS»*Lb\ 

[0 0 16] ^B^ic45V'Xfflb'bil5 ; t*^t Lt 
i4, RNA©@ffl^©^Sr^(f 5 tOX*< , i'OD 
N AC0@1f-'(D^-g-Srl!6lf SfecDT-febUi, 



- 3 - 




^gJKSrSSffil-Sctin-fS r. t l£X y «^©®ttSriaafcT 

(f, T, ^M©itt«^5RNA 

b D N AicHia b <D*§-g-CD3tiRtt£tt-f?. XTV '5 b 
#x.5o 

XTtt, Tkl&fB7iy-/K mffimmt 17*/-^ y 
nn5fc;PA x yyy — A\ 3L?/— /K 1-/B/V- 
/K 2-7"n^y— /K \--79 J— /K 3-y f^-1- T'n 
^v-;k rtFy^if&ns. * 

g&fpyiy— fc5</'ii*®?n:7:ny — ■A'fc y B 

[0 0 17] 

&{£iX-ChX 

SflTkttStBfc fl-TSS^-Cfctvrf. 

v\ JMfcWI-te, r&^v'y #aw* 

XCfflV'XtvS. Xfc, iifJgEcD<fc?&®g?<k<7>W®l»& 

*t5ffi,<D(fe>R s #l;il£#y^ ^y9±, *5V'I4^ 

Tfc, XTtt, 7 

■i >v 9 — s 

SftfcV'. zh,b<D?%. ®.mb&tii<v%>^ : k%Ig.-tZ 
bftrf-nMmtf £>)&-£ X< N roitfiSttO. 0 5 
~5 0 0 pmdSX y$?®-C£>5. 

[0018] (b) Sfc#X@iX, ±IB (a) fC:fc(t5£ 

mmk mmm, Rmmm. 

m^b. RNA^©*ufc^g?^ttatna^<o^-?r-5r 
l6^®y^B|-f5XST*fe5o X©i:£\ 
b-CiK 1 ~ 3 i m i JiMVffi$i-5<DAW-£l-''\ 

[0 0 19 ] 

sn^tx-cix, 

ioM?, 

^•ScfcX i§4j>#8X -Si!. ^yAtSWI^PaW* Xv\, $ 

51-14, 

fcO&BfBS#£ BT5^$r,BV';fef8HE 

zv&mx&z. 

[0 0 2 0] ;£3§93(-:}oV'TfflV'5;ft5&?£?£<S: Lt 

14, KDNAcD*ggt&®i!-r$ 

*><£>-?&<, d>-o, -yy ADNA^^v^^SwBli^ 

1C14, 3 ~ 5 . 5M9T— 'J's=f-3-i'7 

(14 0~10 0%i?>'“;^S ; tL<^ X4u5<£>}&i#- 

jRSr#ffl^-5i:J:y»iS-Cfc5. o£ y , *i\ y'T — 

i> ^jJ-v-T >-K^-ei5feSt Xfc&, £51C40~10 
0%3i^ , /--/w-tri5fei^'f'-5<Oi4W^ bv\ Xfc, ^*(c 

mm • ®*XSir-c«^ 

£gfcfN £<t XT&ffl-f 5<k, y/ADNA b9's;<99. 
-xy^rgirc-ifeSo :oi§, »'t40~io 



o %my y — ^T'gfci^-rs©* 5 #* xv\, 

[0 0 2 1] (c) *gttixai4, _tf2 (b) Xfgl-4514 

5rna«i r n a &■ 

@Rt£-fr5Xg-C£>5„ ®ot> 

*iZ>m\tim.b XTI4, B1B;S>5©RNAcD^£{EjI-X 
Sfcyre&tUi, !|#t-®££;a&V'o A&tfJl-(4, tK*> 
5V'ttTE ^y7r- [lOmH h y lmMEDT 

A, P H8. 0] tf^XXVX '©i^lHllRbfcRNAtt, jg 
tfr-^y y -/i^tK)£^roJlSU£. aS^S;ftS:Jfe-r ' i: * 

[0 0 2 2] ^KICi5RNAC0}iW»®^li, ¥ 
mttX.mfrbMf&ZixZtc.nb, 
i£^«r BMit X 5 5„ 

[0 0 2 3] ^:%^©RNA©}4ttiifS®^=5rs/ M4, 

y7^-bnes/y%gSr^tfpH3~6(D^f0e, jf®M 

[0 0 2 4] 

infaffl] BIT , liffiW-X y * 3 § W « r £ 

•cttJjev'o 

He L aiSBSa!6>t,CDRNAOttffift®{ 

( 1 ) H e L a >ffl8S<^$! 

H e L a iM^Sr 1 0%*rSii'Jilkm (Gibco BRL tt®) # 

yyp-< y =■ — ^/ngia (=-~y*4ttm) mmi 

5m\X'37X;. 4 0P^*Ufcio MJT' 

y 15ml 

^X. l.OOOrpm. 5^KS'i>^IIIL. X^Sr^bfc 
10ml ©PBS [137mM h y 2. 7mM 

^ b * yi 7 A , 4 . 3 mMy >-® S 7 KilX ^- h V ’ JA , 1 . 4 mM 
y ^g?X7k^* y 1?A (pH7. 4 ) ] ICtiffl XfCo ^tL 
[^0V'TiWia»2rtfSlX7tt^-57 x 1 0 7 ffi-Cfco 

fc„ ^Sfcy C7)*tajasi s 1 X 1 O 6 {Bi:* 

•5X51-1. 5mlt-7'fi»nfi-7't:^fiU 3,00 

orpm, ±mzffc£-*z - b lex y # 

Xfc„ 

[0 0 2 5] (2) RNAcOftffltf® 

XIE ( 1 ) !--CI®8axfc*iJiaiC 500(1 1 

zsmMy ^ y ' gi-x h y 

( pH 7. 0 ) , 0 . 5 % N - yy ' tJ 4 ’/ i '- y '^=''>'^ 7 M ' y 9 

A, 0. 1M2 -9)Vj3-7 y — yp-] 

-tx itV'T 5 0 H 1 < D 2 Mgf^-X b y t 7 A - g^®e ( pH 4 . 

o), $bi-5oop i tDTKSSfpy 7W^Jnx.x ®x 

<®^-Lfc„ rtllc. 4 0 n 1 ®0. 5g/mlItt-> 
0(a®l~10pm, EHSHb^tfe^- 30%^-#, 
280m z /g. URmfS 0. 025ml/g, SffiStBTLiCg 
2~6nm : $r*iftJ3gtt&!) <7)®®^5r^P X, ^®r*10 
5)-W) S-g-Xfc. JSfctw^ n^^L— 

( mpc-m : y - r ^/ wttM ) xise uriKtt'y y 
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m>. ±fiif L-fCo $f>tc, X*8t 

lmKOgfeit® [5.3M XT=S>b 
fti/ryl!, 52mMF-y^-^K (pH6. 4 ) ] S^OPS-T 

+#(c®£- bfcm, * V Ktcisa vx±.rn 

Sr»*-T.5wtlcJ:'5 < *&^&ifcfrb;fc„ IsJSIt;: bX, 

1 m 1 <OJ5fci^fR(CTSS« SiHF-SrSfcfrb, igeV'T 1 m 1 
cr>7 0%*.?;— /b-c2i§], ioo%i?/'-^t , i|5| 
^SrSfcfrbfc,, ±f#Srf&Sb;fcm, X 

Sr 5 5ti:SSbfct- hXn si^-bidSSb, 20# 
id J: *9^3.— Xftro^y — 7PSr^l§l» 
ifcb, fe^Sr&*t£-SXc. rixtc 1 0 0 n 1 ©$£**£ 
j&bnu ^axi o #18213- bfc&, Bm7*bKda: 
SbTfl£tt->y r&ifS^Srii*, ±2#Srls]i|Xbfc,> ®|R» 
*14*i±*:8 0 p 1 -C-foofeo 
[ 0 0 2 6 1 [il!|Xf£© p S>, 1 0 /i 1 SrT#o — 7-XA- 
mfti*lH>dtfcb, ns K&fe®, 

bfdg^SrEI 1 (b— bl) d*H% 1211 (b-bl) 

NA1hbX7b>t»dtt, X/ ADNAcoiEAfil* k/vb'm 
«>p>*bf, *3gip5<o;5 , ffid«fcoTRNASr*fcg£<tttli 
ffiiar* # set asi®ig-c*£ fc. 

10 0 2 7] (3) RT-PCRI;±5thh7V^7 

* y bb-feT"^ — RNAroMta 

±IS (2) ICT#ibtifc[H]iR®tcStU-C, thF773 
7 31 y ybt^-RNAlr^-yy MCRT-PCR 
Srfcdft? Cilery, (HUtK^^ORNAco^Wtr^ 
tz a R T — P C RIA, tftffi.<Di$.m* V FRT-PCR 

high t e h i-7y77x y b-bir 

Xf'—masmxy4^— (CL5407-1 : Clontechtt®) Sr 

ffifflb-Cff-pfc. -hie ( 2 ) ICT#5>ixfclE]ifc»£ 

©pt,, 10/1 1 dM-ML ViS^^giiii, 
7^-7-Sr^trie^ffiMmSrSn^. ^«:*Sr2 0/t 
lib, ChS4 2t, 2 0#ffi^fibTie^Rf£:S: 

&gi!f£Sr:fc2ftv\ cnSr®i|E^KtS<o*#7yX=>b 
ho — /wibTt. &d, ig|5^cDS^?Rl-BfH4DN 
A/Ky y 7— ^Sr-^tfPCRffl^aiSrJD^.. <^2£*Sr 
1 0 0 |i 1 i U DNA Thermal Cycler (Perkin Elmer C 
etuslfc®!) l£"C 9 5 32, 1 #88, 5 6 32, 1 #88, 7 2 
32, l#R8Sr3 0-iH’:7A'*i£b, PCRSr&Cfto 
fc. rassw^-b, i o /i i Srr#a— 
d#t;b, rxf-b^AXnS Kifefe®, ?SSKtfcfeS 
Sr02d^-?% 0^, k“71li7>^77-yDN 
A<75Pstl2PH b— b2IAH 
1 dflHcfrSid £ y SittUtK $hhRNA©RT- 
PCRlg<®SiK)©S:ib^47 — b, b— b 3 ttiSS^^EfS 
©^ifr^T’ay he— /bg-ffifflbfci t<DPCRlf$i 
bSr^i"o 0 2/4 : >t>fl<b?4Xe<fc 5 d, 
iS»e¥Sf£:Srter*ofcSl£:jff (b-b2) <o^tw±©4® 
WtoftJLblX. *Wn<Oj5m\C&'0 RNACOttffl^^rtg 



X, iKibdRT-PCRd<fc&fl?#fd'(s6ffiX3'£>2. i# 

vmxz-tt, 

[0 0 28] mmm 2 (hcv) r 

NACOtttil^ 

(1) 1 X 1 O 7 3t-/m 1 ©HCV^StitV'b 
iMfSrltttiM#d£y^«?bT2 x 1 0 s ~2X 1 0 3 
3f— /m 1 <7>3fr$?*?iJSrO< y , Httfc Srttttlfcmi 
b/c„ «-^f?*?iJ©i&.m-y-b7'7P5 0 /i 1 ( 1X10 4 ~ 

ixio 2 sr^fflb-c. mi&m 1 i Ii8«6&;6r 

ffidJ: y RNAWttiiJSrAsii&ofc. 

[0 0 29] (2) RT-PCR1C±5HCV • RNA 

±IE (1) lC-C»h.HfdEUlX?ffl^b-C, HCV-RN 
AtD^SKM^SrS'-yy NCR T— P C RSr*5C * 7 
bidiy, (hUR^'P^HCV • RNAWtfcfcBSrfb^- 
fc„ RT-PCRIA, rUSK<Df£^3r;y 1RT-PCR 

high (m#*fei»asa) ^m^x-ax^^tz. % 

-f, (1) ICT#kfrfc0lt2?£cO5S>5 n l dM-ML 

Vigfi|B¥gfiii, ®S5?ffi7'7^-7-Sr-&tf*te^ffl^ 
SrilJDx:, *^»Sr2 0 /i lib, H*lS r4 2“C, 6 0 
^-PBi^sb'xige^sjcsrfer^coyto 
(ORt&KtcftiiattD n a tK y y 7 — e Sr-^tr p c r 

SSriDX., ift^iiSMSr 2 5 H 1 i b, DNA Thermal Cycl 
er (Perkin Elmer CetuslLM) I- X , t 'l 1 , 9 4b, 3 
OfJ>RB, 5 3“C, 3 0W, 7 23c, 1 #FflSr 3 8 IM 
^7K $bl-PCR!S^*SranA., S^*Sr3 0/i 1 

ib. 9 43C, 3 0#®, 5 032, 1 #Rfl, 7 232, 1 
2 8 ty ?/^it 5 2 i ici y , -spt©pc 

RSrisc^ofc,, lOd lSTTfo-x 

-y'7^tt^^c®il^#tb, 7 a7d 5 K?fc&£, 

tU^bfciemSr@3(c:^-t-„ 0+, b-bitt, 

7 7 — i^D N AWPstlti-fhfe^ib 5 X-r— # — . 

b— b 2 ~ 7 lilUS0t( 2 (CS3-r*S£tc J: y JAffiifSSli $ ix 
tz R N A <D R T — P C R i| <Dfogfo'< 7 — b"C fc 

y, b-y2S(Fk-b3filxio 4 =t°— , b— b 

4jy b — b5lil X 1 o 3 = f — , b 6 BlXJ b — 

b7ttl x i o 2 =f— fta^HCVSr-^tfifiiff-y-bX 
/wSrffifflbfci tw^^Sr^X. 0 3 ^f.1 J; 5 

ic, l x l o 4 3E- ^JrO'l x l o 3 = t“— ti^OH 
c vSr-&tfjfiiff-y-bX/nc;-7i'rii<iiMife>d5^,bti, * 

j; y jkff-y-bXy^&^Hcv • rna® 

SL^tciRT-PCRlcJr^^Wl^fflt? 
[0 0 3 0] IfciBgm 

ti6Jfefeiit^bTi^g±< RNASrffltH^fia-e#* xt 
SrSIShf -SThtf), hn t°77®jKt'by #i|?li^-Sr^J 

bfcK65l5i£l- J; y RN ACO»tb£rfiby-fc. 

HiS^l (l) icTpMbfciMatc:, 9 0 0 M 1 ©ittus 

[4.7M^7=-'bb 5 bf L X'b7ble, 46mMhy7& 
g?(pH6.4) , 1.2H#!)^yifPXt?f/k7x=/P 



- 5 - 




m— r/K 20mM EDTA]^*P^.T^^?$-ar, iiV'T4 On 
1©0. 5mg/m leSteS'S ^SSBiet^SsteU 

no«^Lfc. me. 

H1SW (2) CO*-feilHl^tc:LT, lm l <D&c 
}f* [5.3MAT=J5 j^- X-'yT'^m. 52mMHJ *MM(p 
H6. 4)]T? 20, lml<070% X-9 9 — /WV 20. 100%m^ 

S-ArT* l[5I»^fei5t^L -fc. ifUffcSfcfeLifcSL W 

^5r5 5‘CK:B:5£l-'fcfc— hT'a y^±K:® 

BU 2 0^mB-r5Ci{C < t'7 9 L ix7'rtcO3i^/- 
/V£?£$6I&*U iB^&iyiS-erfc. rfttc 1 00 m 1 
WS£®7K«r8sa0U Sfitl 0^W®-a-Ufc^, B£M.* 

-hft£[5]i&L 

It 0 ®iR^4(4fc i-t 8 0 m 1 -C&ofco 
©l 0(i l &Tif-n— xyA'MM8&h\e1PiV. 

5 KSfefem. ^«S>Lfc*gm£01 (w->- 
2 ) ic^-fo mi (w— ^ 2 ) 51 ^ Jt 

$fcB l tciSU*:^5l5&£ Steffi £ ft* tX'^X/^eii. 

[01] [02] 



>f S ADNA*5^.J;(c®A-t'5Cl ft*:. 

[0 0 3 1] 

&.mtvr 

t£^Sft5RNA£#^&tlc0iS ; £ii\ SfclcSSS&it 

-f5ri*<^RNA£ffi;Bl£@ifcU teffififSTC# 

5. 

[HB©fi^*SiM] 

[01] &WM<vJ3&t'it£$imeJ:'9. 6>te 

ffii®JftfcRNAffl7^o-7^vtIift/^-y 

[ 02 ] -ttsmooism ex.*). t&*«asa*^teffift®{$ 

ft *: R N A <D R T - P C R if 4 ®® & <0 7 JJ a — ^ *f. A-® 
SCi&SftK^ 9 — >' : £r^'t‘0® x. <5 fc <5 „ 

[03] S, HCVG§ttJkfit*>P>teW 
*#M $ ft *1 R N A <D R T - P C R If 4® M %0 <D 7 JS a — * 
■y.'MBStffcKK'** — 's&THTmmeftiLZWMX-ib 5o 

[0 3] 





7 Cl v 



(72>3g®# Jl|_t xm (72)36BJ# ;nw &A 



- 6 - 






Japanese Unexamined Patent Publication No. 1997-327291 
[Title of the Invention] Method of extracting and purifying RNAs 
[Claims] 

[Claim 1] A method of extracting and purifying RNAs which comprises the 
following steps (a) to (c): 

(a) the step of adding, mixing or contacting a cytolytic solution containing a 
chaotropic substance, an extractant comprising an organic solvent and a nucleic 
acid-binding solid phase carrier to or with a biological material such as cells under 
acidic conditions to thereby cause the RNAs contained in the biological material to 
be adsorbed on the solid phase, 

(b) the step of washing the solid carrier with the RNAs adsorbed thereon in the 
above step (a) with a washing solution, and 

(c) the step of eluting, with an eluent, the RNAs from the solid carrier washed in 
the above step (b). 

[Claim 2] A method of extracting and purifying RNAs as set forth in Claim 1, 
wherein the acidic conditions consist in pH 3-6. 

[Claim 3] A method of extracting and purifying RNAs as set forth in Claim 1, 
wherein the chaotropic substance-containing cytolytic solution has a pH of 3-6. 
[Claim 4] A method of extracting and purifying RNAs as set forth in Claim 1, 
wherein the chaotropic substance is guanidine thiocyanate. 

[Claim 5] A method of extracting and purifying RNAs as set forth in Claim 1, 
wherein the organic solvent is water-saturated or buffer-saturated phenol or 
chloroform or a combination of these. 

[Claim 6] A method of extracting and purifying plasmid DNAs as set forth in 
Claim 1, wherein the nucleic acid-binding solid phase carrier is a silica-containing 
carrier. 

[Claim 7] A method of extracting and purifying RNAs as set forth in Claim 1, 
wherein the nucleic acid-binding solid phase carrier occurs as particles. 

[Claim 8] A method of extracting and purifying RNAs as set forth in Claim 1, 
wherein the nucleic acid-binding solid phase carrier occurs as superparamagnetic 
metal oxide-containing particles. 

[Claim 9] A method of extracting and purifying RNAs as set forth in Claim 1, 
wherein the extractant is water or a TE buffer. 

[Claim 10] A method of extracting and purifying RNAs as set forth in Claim 1, 
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wherein the nucleic acid-binding solid phase carrier is a superparamagnetic metal 
oxide-containing carrier, said method further comprising the step of separating the 
nucleic acid-binding solid phase carrier and the liquid phase from each other 
utilizing a magnetic force. 

[Claim 11] A reagent kit for RNA extraction and purification which comprises a 
lyzing solution containing a chaotropic substance, a buffer solution having a pH of 
3-6, an extractant comprising an organic solvent, a nucleic acid-binding solid phase 
carrier, a washing solution and an eluent. 

[Detailed Description of the Invention] 

[ 0001 ] 

[Industrial Field of Utilization] The present invention relates to a method of 
extracting RNAs from a biological material such as cells in a simple and easy 
manner and at high purity levels using a nucleic acid-binding solid phase carrier 
and to an RNA extraction/purification reagent kit for use in said method. The 
reagent kit can be applied to an automated nucleic acid extraction apparatus as 
well. 

[ 0002 ] 

[Prior Art] Nucleic acid extraction/purification from such a biological material as 
nucleic acid-containing cells is an important step in the field of genetic engineering 
or clinical diagnosis. In the case of analyzing a gene, for instance, it is first 
necessary to extract a nucleic acid, namely DNA or RNA, from such a biological 
material as cells containing that gene. Further, in DNA/RNA diagnosis for 
detecting an infectious factor such as a bacterial or viral strain, it is also necessary 
to extract bacterial or viral nucleic acids from a biological material, typically blood, 
for detection of such matter. Generally, nucleic acids such as DNAs and RNAs 
contained in biological materials are not always in the free form but occur in such 
shells as cellular membranes and cell walls constituted of proteins, lipids and 
saccharides; in most cases, nucleic acids themselves occur as conjugates with 
proteins. Therefore, when nucleic acids are to be extracted and purified from a 
biological material, it is necessary to first render nucleic acids free by subjecting 
the material to physical disruption treatment by ultrasonic waves or heat, 
enzymatic treatment with protease, or treatment with a surfactant or denaturant, 
for instance, and then further purify the nucleic acids from the disruption product, 
for example, by an extraction procedure using an organic solvent such as phenol, 
ultracentrifugation, and/or column chromatography using such a carrier as an ion 
exchanger. These techniques are respectively optimized and are used in 
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combination according to the nucleic acids, the starting material and, further, the 
intended use of the nucleic acids extracted. 

[0003] Generally and frequently used as the method of extracting and purifying 
RNAs from a biological material such as cells is the so-called AGPC method 
[Analytical Biochemistry 162, 156-159 (1987)]. This method is the method 
utilizing the steps of (1) adding guanidine thiocyanate and a solution containing 
phenol and chloroform in sequence to a biological material such as cells to disrupt 
the cell membrane or cell wall and denaturing proteins bound to nucleic acids and 
further distributing genomic DNAs into the organic phase, (2) separating the 
RNA-containing aqueous phase alone by centrifugation, (3) adding ethanol or 
isopropanol to this aqueous phase to render RNAs insoluble (ethanol precipitation 
or isopropanol precipitation method), and (4) further separating RNAs alone by 
centrifugation. As compared with the other RNA extraction/purification method 
utilizing the ultracentrifugation technique, this AGPC method is advantageous in 
that RNAs can be obtained in a short period of time and in a simple and easy 
manner. However, this method requires such complicated operations as 
centrifugation and aqueous phase separation and such a time-consuming step as 
ethanol precipitation or isopropanol precipitation and, therefore, when a number 
of samples are required to be analyzed rapidly in clinical diagnosis, for instance, a 
method by which RNAs can be extracted and purified in an easy and simple 
manner and in a short time is required. 

[0004] On the other hand, there is a simple and easy method of extracting nucleic 
acids which uses silica as a nucleic acid-binding solid phase carrier [Japanese 
Kokai Publication H02-289596]. This method is advantageous in that nucleic 
acids can be extracted from a biological material such as cells in one step and, 
further, owing to the use, as the eluent, of water or a low-concentration buffer such 
as TE buffer, nucleic acids extracted can be directly used in the subsequent 
analysis, without such a procedure for desalting and concentration as ethanol 
precipitation. However, when an attempt is made to extract RNAs from cells by 
this method, not only RNAs but also genomic DNAs are adsorbed on the carrier 
silica and, therefore, genomic DNAs are found in large amounts, in addition to 
RNAs, in the liquid recovered. Therefore, for obtaining RNAs, it is essential to 
conduct a purification procedure, for example further enzyme treatment, 
ultracentrifugation or column chromatography. 

[0005] 

[Problems Which the Invention is to Solve] It is an object of the present invention 
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to solve the above-discussed problems encountered in the prior art and provide a 
method of extracting and purifying RNAs in a short time and at high purity levels 
from a biological material such as cells, without requiring any complicated 
operation. 

[0006] 

[Means for Solving the Problems] The present inventors made intensive 
investigations in an attempt to solve the above problems and, as a result, found 
that RNAs can be extracted and purified in a simple and easy manner from a 
biological material such as cells by using an appropriate lyzing solution having an 
appropriate pH, an appropriate organic solvent and an appropriate nucleic 
acid-binding solid phase carrier. Such finding has led to completion of the 
present invention. 

[0007] Thus, the invention consists in a method of extracting and purifying RNAs 
which is characterized in that it comprises the following steps (a) to (c): 

(a) the step of adding, mixing or contacting a lyzing solution containing a 
chaotropic substance, an extractant comprising an organic solvent and a nucleic 
acid-binding solid phase carrier, under acidic conditions, to or with a biological 
material such as cells to thereby cause RNAs contained in the biological material to 
be adsorbed on the solid carrier, (b) the step of washing the solid carrier with the 
RNAs adsorbed thereon in the above step (a) with a washing solution, and (c) the 
step of eluting, with an eluent, the RNAs from the solid carrier washed in the 
above step (b). 

[0008] The method according to the invention may further comprise the step of 
separating the nucleic acid-binding solid phase carrier, which occurs as particles 
containing a superparamagnetic metal oxide, from the liquid phase by utilizing a 
magnetic force. 

[0009] The present invention further consists in a reagent kit for RNA extraction 
and purification which comprises a lyzing solution containing a chaotropic 
substance, an extractant comprising an organic solvent, a nucleic acid-binding 
solid phase carrier, a washing solution and an eluent. 

[ 0010 ] 

[Modes of Embodiment of the Invention] The RNA extraction and purification 
method according to the invention is broadly divided into the following three 
stages: (a) dissolution/adsorption step, (b) washing step and (c) elution step. 

[0011] In the dissolution/adsorption step (a), the cytolytic solution, organic 
solvent and nucleic acid-binding solid phase carrier are added to, mixed with or 
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contacted with a biological material such as cells under acidic conditions to 
dissolve or lyze the biological material and cause DNAs contained in the biological 
material to be adsorbed on the nucleic acid-binding solid phase. The lyzing 
solution, organic solvent and nucleic acid-binding solid phase carrier may be 
added to the biological material such as cells either separately or simultaneously. 
It is a characteristic feature of the invention that the chaotropic 
substance-containing lyzing solution, organic solvent-based extractant and nucleic 
acid-binding solid phase carrier are added to, mixed with or contacted with the 
biological material under acidic conditions, preferably at pH 3-6, more preferably 
at about pH 4. 

[0012] As the biological material to be used in the practice of the invention, there 
may be mentioned, for example, tissues, cultured cells, bacterial cultures and, in 
addition, the whole blood or blood components such as serum and leukocytes, 
saliva, urine, semen and like body fluids. 

[0013] The chaotropic substance-containing lyzing solution to be used in the 
practice of the invention preferably contains a buffer agent. This may be 
contained already in the lyzing solution or may be added in the form of a buffer 
solution after cell lysis. The buffer agent is not particularly restricted but may be 
any of those in general use, preferably those showing a buffering action at a pH 
within the range of 3-6. Thus, for example, sodium acetate-acetic acid, sodium 
acetate-hydrochloric acid and the like may be mentioned, and the concentration 
thereof to be employed is preferably 1-500 nM and the pH is preferably within the 
range of 3-6. 

[0014] The lyzing solution to be used in the practice of the invention contains a 
chaotropic substance. The chaotropic substance is not particularly restricted but 
may be any of those substances which are generally known as chaotropic 
substances and are effective in increasing the solubility of hydrophobic molecules 
in water and further contribute to RNA binding to solid phases. Specifically, 
there may be mentioned guanidine thiocyanate, guanidine hydrochloride, sodium 
iodide, potassium iodide, sodium perchlorate, etc. Among these, guanidine 
thiocyanate, which is highly effective in inhibiting RNA-decomposing 
ribonucleases, is preferably used. The concentration to be employed of such 
chaotropic substances may vary depending on the chaotropic substance used and, 
in the case of guanidine thiocyanate, for instance, this is preferably used within the 
concentration range of 3-5.5 M. 

[0015] The chaotropic substance-containing lyzing solution may contain a 
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surfactant so that the cell membrane may be destructed or the proteins contained 
in cells may be denatured. The surfactant is not particularly restricted but may 
be any of those generally used in nucleic acid extraction from cells or the like. 
Specifically, there may be mentioned nonionic surfactants such as polyoxyethylene 
octylphenyl ether, polyoxyethylenesorbitan monolaurate and 
polyoxyethylenesorbitan monooleate, cationic surfactants such as 
dodecyltrimethylammonium bromide, dodecyltrimethylammonium chloride and 
cetyltrimethylammonium bromide, anionic surfactants such as sodium dodecyl 
sulfate, N-lauroylsarcosine sodium and sodium cholate, and amphoteric 
surfactants such as phosphatidylethanolamine. Among these, N-lauroylsarcosine 
sodium is preferably used. The concentration to be employed of these surfactants 
may vary depending on the surfactant species used and, in the case of 
N-lauroylsarcosine sodium, for instance, this is preferably used within the 
concentration range of 0.1%-2%. 

[0016] The organic solvent to be used in the practice of the invention is not 
particularly restricted but may be any one that will not inhibit RNA binding to the 
solid phase but can inhibit DNA binding to the solid phase. Presumably, the 
addition of such an organic solvent to the liquid phase properly decreases the 
polarity of the liquid phase to thereby provide RNAs and DNAs differing in 
molecular surface polarity with selectivity in solid phase binding, although the 
details of this principle are unknown. As specific examples of the organic solvent 
to be used in the practice of the invention, there may be mentioned water-saturated 
phenol, buffer solution-saturated phenol, chloroform, methanol, ethanol, 
1-propanol, 2-propanol, 1-butanol, 3-methyl-l-propanol and acetone. Among 
these, water-saturated phenol alone or a mixture of water-saturated phenol and 
chloroform in an appropriate mixing ratio is preferred. 

[0017] The nucleic acid-binding solid phase carrier to be used in the practice of 
the invention is not particularly restricted but may be any solid that has a 
hydrophilic surface capable of adsorbing nucleic acids in the presence of a 
chaotropic ion, namely retaining them through reversible bonding. Specifically, 
silicon dioxide, namely silica, is preferably used. The carrier also includes 
silica-based substances, for example glass and diatomaceous earth, chemical 
modifications or surface-treated modifications thereof, and composites thereof 
with such other substances as superparamagnetic metal oxides unless they inhibit 
such reversible binding with nucleic acids as mentioned above. The form of the 
nucleic acid-binding solid phase carrier is not particularly restricted but 
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specifically includes particles, filters and reaction vessels. Among these, the form 
of particles is more preferred from the adsorption and elution efficiency viewpoint 
and, in that case, the particle diameter is more suitably 0.05-500 pm. 

[0018] The washing step (b) is the step of separating only the nucleic acid-binding 
solid phase carrier with RNAs adsorbed thereon as far as possible from the 
mixture comprising the biological material, lyzing solution, organic solvent and 
nucleic acid-binding solid phase carrier as obtained in the above step (a). On that 
occasion, the carrier is preferably washed about 1-3 times using a washing 
solution. 

[0019] The specific means for separating the liquid phase and solid phase from 
each other in the practice of the invention depends on the form of the nucleic 
acid-binding solid phase carrier employed. When the nucleic acid-binding solid 
phase carrier is in the form of particles, for instance, centrifugation, filtration or 
column operation is preferred among others. Further, when a solid phase carrier 
containing a superparamagnetic metal oxide within particles thereof is used, 
magnetic separation using a magnet or the like, which is simple and easy, becomes 
possible and is more appropriate. 

[0020] The washing solution to be used in the practice of the invention is not 
particularly restricted but may be any one that will not promote plasmid DNA 
elution from the solid phase carrier but can prevent genomic DNA or protein 
binding to the solid phase. Specifically, a 3-5.5 M guanidine thiocyanate solution 
or 40%-100% ethanol is preferred, and the combined use of these washing 
solutions is more preferred. Thus, preferably, the solid phase is first washed with 
a guanidine thiocyanate solution and then further with 40%-100% ethanol. 
Further, when the cytolytic solution and organic solvent first used in the 
dissolution/adsorption step are used as washing solutions, genomic DNAs and 
proteins are more effectively removed. On that occasion, 40%-100% ethanol is 
preferably used in the subsequent washing. 

[0021] The elution step (c) is the step of eluting the RNAs from the nucleic 
acid-binding solid phase carrier with those RNAs adsorbed thereon. Therefore, 
the eluent to be used in the practice of the invention is not particularly restricted 
but may be any one that promotes the elution of the RNAs from the solid phase. 
Specifically, water or TE buffer [10 mM Tris-hydrochloride buffer, 1 mM EDTA, 
pH 8.0] is preferred. The RNAs then recovered can be directly used in an 
enzymatic reaction using a reverse transcritpase, for instance, without subjecting 
the same to a desalting or concentration procedure by dialysis or ethanol 



7 




precipitation. 

[0022] The RNA extraction/purification method according to the invention is 
constituted of simple steps and can obviously be applied to nucleic acid extraction 
apparatus in which the solid phase separation and reagent distribution procedures 
are carried out automatically. 

[0023] 

[Examples] The following examples illustrate the present invention more 
specifically. These examples are, however, by no means limitative of the scope of 
the invention. 

[0024] 

Example 1 RNA extraction and purification from HeLa cells 
(1) Preparation of HeLa cells 

HeLa cells were cultivated in 15 ml of Dulbecco’s modified Eagle medium 
(product of Nissui) containing 10% of fetal calf serum (product of Gibco BRL) at 
37°C for 4 days. After completion of the cultivation, the cells released by trypsin 
treatment were transferred to a 15-ml centrifuge tube, followed by 5 minutes of 
centrifugation at 1,000 rpm. After removing the supernatant, the cells were 
suspended in 10 ml of PBS [137 mM sodium chloride, 2.7 mM potassium chloride, 
4.3 mM disodium hydrogen phosphate, 1.4 mM potassium dihydrogen phosphate 
(pH 7.4)]. The number of cells the suspension was counted and found to be 7 x 
10 7 . The suspension was distributed into 1.5-ml microtubes so that the number of 
cells might amount to 1 x 10 6 per tube and centrifuged at 3,000 rpm for 5 minutes. 
Each cell pellet obtained after removal of the supernatant was used as the 
extraction material. 

[0025] (2) RNA extraction/purification 

The cells prepared in the above step (1) were lyzed by adding thereto 500 
pi of a cytolytic solution [4 M guanidine thiocyanate, 25 mM sodium citrate (pH 
7.0), 0.5% N-lauroylsarcosine sodium, 0.1 M 2-mercaptoethanol]. Then, 50 pi of 
2 M sodium acetate-acetic acid (pH 4/0) was added and 500 pi of water-saturated 
phenol was further added, and the mixture was stirred vigorously. Thereto was 
added 40 pi of a 0.5 g/ml suspension of magnetic silica particles (particle diameter 
1-10 pm, containing 30% of triiron tetraoxide, specific surface area 280 m 2 /g, pore 
volume 0.025 ml/g, surface pore diameter 2-6 nm; product of Suzuki Yushi), 
followed by 10 minutes of stirring at room temperature. Then, each microtube 
was placed on a magnetic stand (MPC-M; product of Dynal), the magnetic silica 
particles were collected, and the supernatant was discarded. Further, the 
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microtube was removed from the magnetic stand, 1 ml of a washing solution [5.3 
M guanidine thiocyanate, 52 mM Tris-hydrochloride (pH 6.4)] was added and, 
after thorough mixing, the microtube was placed on the magnetic stand in the 
same manner, and the particles were washed by removing the supernatant. The 
particles were again washed with 1 ml of the washing solution in the same manner 
and then washed with two 1-ml portions of 70% ethanol and with one portion of 
100% ethanol. After removal of the supernatant, the microtube was placed on a 
heat block set at 55°C and allowed to stand for 20 minutes to thereby evaporate off 
the ethanol in the tube and dry the particles. Thereto was added 100 pi of 
sterilized water and, after 10 minutes of stirring at room temperature, the mixture 
was placed on the magnetic stand, the magnetic silica particles were collected and 
the supernatant was recovered. The liquid recovered amounted to about 80 pi. 
[0026] A 10-pl portion of the liquid recovered was subjected to agarose gel 
electrophoresis, followed by staining with ethidium bromide and photography. 
The results are shown in Fig. 1 (lane 1). As is evident from Fig. 1 (lane 1), it could 
be confirmed that the RNA sample extracted by the method of this invention 
showed almost no contamination with genomic DNAs and that RNAs can be 
extracted and purified at good purity levels by the method of the invention. 

[0027] (3) Detection of human transferrin receptor RNA by RT-PCR 

An attempt to detect a RNA in the recovered liquid obtained in the above 
step (2) was made by subjecting the same to RT-PCR with the human transferrin 
receptor RNA as the target. The RT-PCR was carried out using the commercial 
reagent kit RT-PCR high (product of Toyobo) and a human transferrin receptor 
amplification primer (CL5407-1; product of Clontech). First, a reverse 
transcription reagent containing M-MLV reverse transcriptase and the primer for 
reverse transcription was added to 10 pi of the recovered liquid obtained in the 
above step (2) to make the final liquid amount 20 pi and the reverse transcription 
reaction was carried out by maintaining the mixture at 42°C for 20 minutes. The 
same procedure was conducted in parallel without adding the reverse transcriptase 
and this was used as a negative control for the reverse transcription reaction. 
Then, a PCR reagent containing a thermostable DNA polymerase was added to the 
reaction mixture after reverse transcription to make the final liquid amount 100 pi, 
and the PCR was carried out using DNA Thermal Cycler (product of Perkin Elmer 
Cetus) in 30 cycles each comprising 1 minute of heating at 95°C, 1 minute of 
heating at 56°C and 1 minute of heating at 72°C. A 10-pl portion of the reaction 
mixture was subjected to electrophoresis, followed by ethidium bromide staining 
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and photography. The results are shown in Fig. 2. In the figure, lane 1 shows 
size markers comprising PstI digests of the lambda phase DNA, lane 2 the 
electrophoretic pattern of the RT-PCR amplification product based on the RNA 
extracted and purified by the method described in Example 1, and lane 3 the 
electrophoretic pattern of the PCR amplification product as obtained using the 
negative control for the reverse transcription reaction. As is evident from Fig. 2, 
the amplification product was observed only when the reverse transcription 
reaction was carried out using the reaction mixture (lane 2); thus, it could be 
confirmed that RNA extraction is possible by the method according to the 
invention and the extraction product can be immediately used in analysis by 
RT-PCR 

[0028] Example 2 Extraction and purification of hepatitis C virus (HCV) RNA 
(1) A serum sample containing 1 x 10 7 copies/ml of HCV was diluted with 
negative serum to give a dilution series with 2 x 10 5 to 2 x 10 3 copies/ml, and these 
dilutions were used as extraction materials. Using 50 pi (corresponding to 1 x 10 4 
to 1 x 10 z copies) of each serum sample in the dilution series, RNA extraction was 
carried out in the same manner as in Example 1. 

[0029] (2) Detection of HCV RNA by RT-PCR 

Using each recovered liquid obtained in the above step (1), the RT-PCR 
was carried out with the untranslated region of the HCV RNA as the target in an 
attempt to detect the HCV RNA in the recovered liquid. The RT-PCR was 
carried out using the commercial reagent kit RT-PCR high (product of Toyobo). 
First, a reverse transcription reagent containing M-M LV reverse transcriptase and 
a primer for reverse transcription was added to 5 pi of the recovered liquid 
obtained in the above step (1) to make the final liquid amount 20 pi and the reverse 
transcription reaction was carried out by maintaining the mixture at 42°C for 20 
minutes. Then, a PCR reagent containing a thermostable DNA polymerase was 
added to the reaction mixture after reverse transcription to make the final liquid 
amount 25 pi, and the PCR was carried out using DNA Thermal Cycler (product 
of Perkin Elmer Cetus) in 2 stages, namely first in 38 cycles each comprising 30 
seconds of heating at 94°C, 30 seconds of heating at 53°C and 1 minute of heating 
at 72°C and, after further addition of the PCR reagent to make the final liquid 
amount 30 pi, in 28 cycles each comprising 30 seconds of heating at 94°C, 1 minute 
of heating at 50°C and 1 minute of heating at 72°C. A 10-pl portion of the 
reaction mixture was subjected to electrophoresis, followed by ethidium bromide 
staining and photography. The results are shown in Fig. 3. In the figure, lane 1 
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shows size markers comprising PstI digests of the lambda phase DNA, and lanes 
2-7 show the electrophoretic patterns of the RT-PCR amplification products based 
on the RNA extracted and purified by the method described in Example 2. Lanes 
2 and 3 show the results obtained by using a serum sample containing HCV in an 
amount corresponding to 1 x 10 4 copies, lanes 4 and 5 show the results obtained by 
using 1 x 10 3 copies, and lanes 6 and 7 show the results obtained by using 1 x 10 2 
copies. As is evident from Fig. 3, the amplification product was observed with the 
serum samples containing HCV in an amount corresponding to 1 x 10 4 copies or 1 
x 10 3 copies; thus, it could be confirmed that the HCV RNA can be extracted from 
such serum samples by the method according to the invention and the extraction 
product can be immediately used in analysis by RT-PCR. 

[0030] Comparative Example 1 

For confirming that RNA extraction/purification can be carried out at 
better purity levels as compared with the conventional method, RNA extraction 
was attempted by the conventional method using a chaotropic substance and silica 
particles. 

The cells prepared in Example 1 (1) were lyzed by adding thereto 900 pi of 
a cytolytic solution [4.7 M guanidine thiocyanate, 46 mM Tris-hydrochloride (pH 
6.4), 1.2% polyoxyethylene octylphenyl ether, 20 mM EDTA], 40 pi of a 0.5 mg/ml 
magnetic silica suspension was then added, and the mixture was stirred at room 
temperature for 10 minutes. Then, the microtube was placed on the magnetic 
stand, where by the magnetic silica was collected and the supernatant was removed. 
Then, the particles were washed with two 1-ml portions of a washing solution [5.3 
M guanidine thiocyanate, 52 mM Tris-hydrochloride (pH 6.4)], two 1-ml portions 
of 70% ethanol and one portion of 100% ethanol. After removal of the 
supernatant, the microtube was placed on a heat block set at 55°C and allowed to 
stand there for 20 minutes to dry the particles by evaporating off the ethanol in the 
tube. To the particles was added 100 pi of sterilized water, the tube was placed on 
the magnetic stand to collect magnetic silica particles and the supernatant was 
recovered. The liquid recovered amounted to about 80 pi. A 10-pi portion of the 
liquid recovered was subjected to agarose gel electrophoresis, followed by ethidium 
bromide staining and photography. The results are shown in Fig. 1 (lane 2). As 
is evident from Fig. 1 (lane 2), it was confirmed that the sample extracted by the 
conventional method shown in Comparative Example 1 contained genomic DNAs 
in large amounts. 

[0031] 
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[Effects of the Invention] According to the invention, RNAs can be recovered and 
extracted/purified in a simple and easy manner by causing specific adsorption of 
the RNAs using an appropriate lyzing solution and an appropriate nucleic 
acid-binding solid phase under acidic conditions and further using an appropriate 
eluent, without the necessity of any complicated after-treatment procedure. 

[Brief Description of the Drawings] 

[Fig. 1] This is a photograph, in lieu of a drawing, showing the agarose gel 
electrophoretic patterns of the RNAs extracted and purified from cultured cells by 
the method of the invention and by the conventional method, respectively. 

[Fig. 2] This is a photograph, in lieu of a drawing, showing the agarose gel 
electrophoretic pattern of the RT-PCR amplification product from a RNA 
extracted and purified from cultured cells by the method of the invention. 

[Fig. 3] This is a photograph, in lieu of a drawing, showing the agarose gel 
electrophoretic pattern of the RT-PCR amplification product from a RNA 
extracted and purified from HCV-positive serum by the method of the invention. 



FIG. 1 FIG. 2 
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